Introduction
An increasing number of patient-centered care efforts are underway to enable patients with sleep disorders to more easily report on the status of their physical, mental, and social health and humanity of their care (eg, dignity, waiting time) [1] [2] [3] [4] . These efforts include patient surveys [5] , which contain patient-reported measures that assess physical, mental, and social health (eg, PatientReported Outcomes Measurement Information System sleep measures [6] [7] [8] ) and capture patients' experiences accessing health care and communicating with providers (eg, Consumer Assessment of Healthcare Providers and Systems [9] ). One aspect of care lacking patient-reported measures concerns patients' experiences with their home medical devices [10] , despite the growing use of these types of devices, particularly in the evaluation and treatment of sleep disorders (eg, portable home sleep-testing devices and positive airway pressure (PAP) devices).
The United States Food and Drug Administration (FDA) has been leading efforts to ensure that home medical device are usable and safe for the diverse group of patients who use them [11] . The FDA's focus has been on optimizing "human factors," a term that is familiar to manufacturers in the electronics industry who strive to optimize consumers' experiences with computer and electronic devices (eg, personal computers and cell phones) [12] . Human factors principles have been well described and encompass issues such as learnability, memorability, efficiency, and satisfaction [13, 14] . The Association for the Advancement of Medical Instrumentation (AAMI) has published human factors guidelines to help manufacturers optimize the design of medical devices for users [15] . However, manufacturers tend to prioritize the views of health professionals above those of patients when designing medical devices, which could lead to lack of attention to issues that are most salient to patients [16] . Although manufacturers perform human factors testing when developing devices, little data are available to assess whether patients encounter usability problems after the devices have been FDAapproved. Currently, when patients and prescribers of home medical devices want to provide feedback on how well human factors have been addressed, their options include reporting an adverse event through the FDA MedWatch website [17, 18] , speaking with manufacturers' customer service centers, and/or discussing issues with sales and product representatives. To our knowledge, survey measures of how well home medical devices have addressed human factors are not available to most patients or to researchers interested in estimating human factors-related issues.
PAP devices for sleep-disordered breathing (SDB) are a group of commonly prescribed home medical devices, and the safety (eg, ability to keep the components clean) and acceptance of these devices are influenced by patients' or caregivers' ability to efficiently set up and maintain the devices. Measures are needed to document how well human factors have been addressed for users of PAP (ie, the usability of PAP devices). These measures would complement measures that focus on side effects, treatment adherence, and impact of PAP treatment on the health-related quality of life. In this article, we describe the development and evaluation of a questionnaire to assess human factors issues in PAP use, by assessing patients' experiences with the steps necessary to assemble, operate, and maintain/clean their PAP devices and PAP components.
Methods

Procedures
The Usability of Sleep Apnea Equipment -Positive Airway Pressure (USE-PAP version 1.0) is a self-administered paper-andpencil questionnaire that assesses patients' experiences setting up and cleaning their PAP devices and collects information about equipment type and demographic information. We used a multi-stage approach [19] to develop the USE-PAP questionnaire:
(a) In-depth interviews: To identify the types of unaddressed human factors issues faced by patients who use PAP equipment and concepts to be measured, we conducted in-depth interviews, a method that enables researchers to explore usability from the participants' perspective and identify dimensions about PAP usability that may have not appeared in the literature. As reported previously [20] , our participants were patients aged 60 years or older who selfreported physical and/or sensory impairment and disability related to PAP equipment use and health-care providers (sleep, geriatrics, physical medicine, and rehabilitation) who care for these patients. We focused on older patients for these interviews, because of the higher prevalence of disability and caregiver assistance in this age group and our goal of including participants who could provide detailed descriptions of PAP usability issues. We conducted interviews 19 participants. (b) Initial item development: This included the development of a set of closed-ended survey items adapted from existing questionnaires [21] [22] [23] [24] [25] [26] and creation of de novo items. For the de novo items, we used information from the in-depth interviews and human factors engineering literature to inform the content of the items. Once we had an initial set of items, we obtained informal feedback from clinical staff experienced in caring for patients with SDB and iteratively revised the items. (c) Technical advisory panel to obtain input on the content and format of the questionnaire: The panel consisted of nine experts (sleep, geriatrics, physical medicine and rehabilitation, questionnaire development). Both prior to and during the meeting, panelists rated how well each item measures the targeted usability attribute, including: (1) effectiveness (ie, accuracy and completeness with which users achieve specified goals), (2) efficiency (ie, the resources expended in relation to the accuracy and completeness), (3) errors (ie, errors made during the use of the equipment and how easy it is to recover from them), (4) learnability (how quickly and easily users can begin to use equipment that is new to them), (5) memorability (the characteristics of equipment that allows the user to return to using the equipment after some period of not having used it), and (6) satisfaction (the degree to which the user finds the use of the product acceptable and the design of the equipment to be pleasant) [27] . Recommendations for revising or removing items were also discussed. We made changes to the questionnaire based upon suggestions made by the majority of panelists. (d) Cognitive interviews to refine items: After revising the questionnaire, we conducted 10 interviews with patients. Eligible patients (aged ≥50 years who self-reported at least one physical and/or sensory condition that affected the patient's ability to handle their PAP equipment) were presented with the survey items (iteratively revised based upon each interview). Two research staff observed whether the participant answered the item readily, hesitated, refused, and/or asked for clarification. The research staff also documented suggestions for rephrasing the items and measured the length of time required to complete the items. The participants provided their overall impressions of the survey, described the extent to which the survey captured their experience setting up or cleaning their PAP equipment, and shared their opinion of the paper-based format. Examples of the comments made by participants are provided in Appendix. (e) Field test: To assess the performance of the questionnaire among adults aged 18 years or older who have been prescribed PAP therapy (ie, our target population for the questionnaire), we administered the closed-ended survey items to a sample of 100 participants recruited through the VA Greater Los Angeles our sleep center. The questionnaire and study recruitment materials were available in two outpatient sleep clinic waiting areas and the sleep center checkin areas from August through October 2013. Patients who were interested in participating reviewed the study information sheet, self-administered the questionnaire, and returned it by placing it in a closed box. Tables 1 and 2 provide the items that were included in the questionnaire. Usability items within the questionnaire were grouped together based upon the component of the PAP device: (1) mask/ headgear, (2) tubing, (3) humidifier, (4) controls, and (5) general (the PAP device considered as one unit). Based upon these groupings, we created five multi-item scales and a usability total score (see data analysis section below). In addition, information about the frequency of difficulties for each component and overall was collected, from which we created a sixth multi-item scale. Finally, we collected information about the type of PAP equipment issued to the patient and demographic information. No patient identifiers (ie, name, patient identification number, and contact information) were collected.
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Data analysis
We examined frequency distributions of items to examine the central tendency and variability of the items. We also examined frequencies of inconsistent responses -namely, two participants (2% of sample) who indicated that they did not have a humidifier provided humidifier usability ratings and six participants (6%) provided responses to the item inquiring about frequency of humidifier problems. These responses were recoded to "doesn't apply to me." Next, scale scores were transformed linearly to have a 0-100 possible range. We then computed internal consistency reliability estimates (Cronbach's alpha coefficient [28] ) for the six multi-item scales. We estimated item-rest correlations (the correlation between an item and the scale that is formed by all other items). We estimated product-moment correlations among the six scales. Next, to assess whether it makes sense to combine the scales into a composite scale (ie, usability total score), we estimated the reliability of the composite scale (calculations based upon Mosier's formula) [29] . Because the reliability of the composite scale was high, we computed a usability total score by averaging the transformed scale score means (scales listed in Table 2 ). Finally, we estimated the correlations of the scales with respondent age and length of equipment use, because we suspected that older participants and shorter length of equipment use would be correlated with less favorable usability ratings. Analyses were run using Stata 10.
Institutional review board
The study was approved by the VA Greater Los Angeles Healthcare System (#2012-040547) and David Geffen School of Medicine at UCLA institutional review boards (#12-000605).
Results of field test
A total of 100 patients in the field test returned a questionnaire that was either complete or partially complete. Sample characteristics are presented in Table 1 . Most of the respondents (71%) were aged 50-69 and were male (90%). One-third of the sample had used their PAP equipment for <1 year. Most patients were unable to tell us what brand and model PAP equipment they were using. Table 2 describes the number of respondents who self-report PAP usability problems, grouped by scale (four component-specific usability scales (ie, mask/headgear, tubing, humidifier, and machine controls) and one general usability scale). The percentage of missing responses for most items was <5%. All items had a skewed distribution with the majority of participants selecting either "strongly" or "slightly" agree (ie, favorable usability ratings). The general usability items with the most favorable ratings were those assessing whether respondents get their equipment ready without assistance and can quickly remove the equipment from their bodies, while the least favorable general usability items were the items assessing learnability and convenience for traveling. For the componentspecific items, the items assessing tubing usability received the most favorable ratings, whereas the items assessing machine control usability received less favorable ratings. Table 3 describes how often the respondent experienced usability issues for each PAP component and for the PAP device overall in the past 30 days. The percentage of missing responses for the items in Table 2 was ≤6%. Item responses were skewed; however, all of the response options were selected at least once, except for the response for everyday difficulty preparing the water chamber for use. Between 10% and 19% of respondents selected "Doesn't apply to me," a response option that might be selected if, for example, participants had not used their PAP equipment in the past 30 days (ie, nonadherent patient, no humidifier). Table 4 provides the estimates of internal consistency reliability and the item-rest correlations for each usability item. Cronbach's coefficient alpha values suggest excellent internal consistency (all scales had alpha ≥0.84). The item-rest correlations were ≥0.37, indicating that each item had a large correlation (according to Cohen's effect size) with the rest of the items in the scale. We found significant product-moment correlations (r) among the general usability scale and other scales (correlations ranging from 0.48 to 0.74, p < 0.01) (see Table 5 ). The estimated reliability of the composite scale (usability total score) was 0.97. Respondent age was not significantly correlated with any of the scales (p > 0.27). A longer duration of equipment use was associated with less favorable machine control usability (−0.22, p = 0.04); length of equipment use was not correlated with any of the other scales (p > 0.13). The total usability score was not significantly correlated with age or duration of equipment use (p > 0.07).
Discussion
SDB is prevalent and is most commonly treated with PAP devices, which require patients to regularly set up and maintain their equipment. A paucity of studies have examined the prevalence of PAP usability issues [30, 31] , in part because of a lack of available instruments. The current study began a line of inquiry into patients' experiences with this aspect of their PAP therapy. We developed and evaluated a questionnaire that collects patient-reported usability ratings of PAP equipment, using a combination of qualitative and quantitative methods.
The USE-PAP has favorable measurement properties and offers items that assess constructs that differ from most of the existing patient-reported measures targeting patients with SDB. The five scales in Table 2 are scored on a 0-100 possible range and a total 
ARTICLE IN PRESS
Please cite this article in press as: Constance H. score can be computed as the average of these scale scores.
In addition, a sixth scale that measures frequency of PAP usability issues can be administered. If desired, a subset of the scales can be administered independently rather than all of the USE-PAP items. In our cognitive tests, participants felt that the questionnaire captured important elements of PAP usability. In our field testing, we found low levels of missing values, variability in the responses selected, and excellent reliability for the scales. The majority of items in the USE-PAP questionnaire focus on human factors/ usability of PAP equipment, while other questionnaires focus on side effects to PAP treatment, self-efficacy for PAP therapy, and symptoms related to SDB treatment [32] [33] [34] [35] [36] [37] [38] . Only a few items in the USE-PAP questionnaire assess overall satisfaction with equipment, a construct that has been previously assessed by other researchers [36] . Surveying patients with the USE-PAP questionnaire (administering the entire instrument or individual scales) has the potential to uncover PAP-related issues that other questionnaires might not find.
Research on usability barriers is an important investment for the future. Our pilot survey identified a group of patients who have difficulty with their mask/headgear, adjusting their machines' controls, and/or preparing their humidifier. SDB is a chronic condition that requires lifelong therapy with PAP and is associated with conditions such as diabetes and stroke that increase patients' risk of PAP usability problems. The large number of adults with SDB who might not currently have PAP usability issues (ie, the patients who responded on their USE-PAP survey that that they did not have difficulty with their PAP equipment) will continue to require PAP therapy, even after many of them acquire comorbidities that increase their risk of usability problems. One of the first steps in launching research in this area is measuring the prevalence of usability issues and identifying risk factors for poor usability.
Our study has both strengths and limitations. We used mixed methods (qualitative and quantitative) to develop the USE-PAP questionnaire, which is recommended for developing closedended survey items [19] . One limitation is that the sampling frame for the in-depth interviews, cognitive interviews, and field test was obtained from a VA medical center and therefore, most of the participants were male. The field test was conducted in a sleep clinic setting, which may be enriched with patients with difficulties using their equipment. Another limitation is that our field test sample size was modest. We also noted some redundancy in the items for some of the scales (eg, tubing), but dropping an item would lead to lower reliability and therefore we believe is not a preferred strategy. Finally, although our field test included adults aged 18 years or older, our interview participants did not include adults <50 years, so it is possible that the USE-PAP questionnaire fails to measure usability constructs that are important to younger adults. Table 4 Internal consistency reliability estimates (Cronbach's coefficient alpha (α)) and itemrest correlations. 
Conclusions
The USE-PAP questionnaire has the potential to identify patients who are having difficulty with their PAP equipment. It provides patients with an opportunity to voice their concerns about their PAP equipment in a structured manner. Additional studies are needed to evaluate the questionnaire in a larger sample, especially one with more gender diversity. Future studies should further assess the psychometric properties of the USE-PAP, its ability to discriminate among different equipment types, and its responsiveness to interventions aimed at improving usability. Studies that assess the relationship between usability, equipment types (eg, mask brand and model), and patient characteristics (eg, cognitive and physical disability) and outcomes (eg, PAP acceptance/adherence and patient safety) are also needed. Finally, comparisons of USE-PAP responses with direct observation of PAP-related tasks (usability task analyses) are needed to fully evaluate the questionnaire. 
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